Objectives: The present study aims to describe a 3-day induction protocol for injectable hydromorphone (HDM) and diacetylmorphine (DAM) used in 3 Canadian studies and examine rates of opioid-related overdose and somnolence during this induction phase.
. However, those that are not attracted into OAT or who continue to use illicit opioids remain at very high risk of lethal and nonlethal harm (Wei et al., 2013; Perreault et al., 2015; Franklyn et al., 2017) .
Research has shown that injectable opioid agonist treatment (iOAT) with injectable diacetylmorphine (pharmaceutical-grade heroin; DAM) or hydromorphone (a licensed opioid analgesic; HDM) is effective at engaging and retaining such individuals in care, leading to multiple improvements in physical, mental, and social health (Oviedo-Joekes et al., 2009; Strang et al., 2015; Oviedo-Joekes et al., 2016a) . The rationale is that these medications can attract and retain people not currently reached by the health care system, providing structured care which improves health, while offering supervision in dedicated settings to ensure the safety of the patients (eg, by treating overdoses) (Bell, 2014) . Based on the positive evidence from 8 randomized clinical trials (RCT), iOAT is currently offered in a limited number of dedicated settings in Europe and Canada under the supervision and care of health care providers (Perneger et al., 1998; van den Brink et al., 2003; March et al., 2006; Haasen et al., 2007; Oviedo-Joekes et al., 2009; Strang et al., 2010; Demaret et al., 2015; Oviedo-Joekes et al., 2016a) . Expanding treatment options in these ways to better meet the diverse needs of people with OUD at different stages in their recovery process should be part of the public health response to the opioid crisis (Schottenfeld and O'Malley, 2016) .
With respect to safety, injectable diacetylmorphine and hydromorphone are short-acting full mu opioid agonists whose major metabolites have high opioid agonist affinity and reach peak plasma levels immediately after injection (Vallner et al., 1981; Gyr et al., 2000) . As such, they carry a higher intrinsic risk of overdose upon intake compared to oral formulations. However, since in iOAT settings these opioids are individually dosed and monitored, their related opioid overdoses and other side effects can be safely mitigated and treated by health care providers onsite (Strang et al., 2015; Oviedo-Joekes et al., 2017) . This is particularly relevant during the induction phase that carries most of the risk of overdose when starting patients on OAT. For example, among patients in methadone treatment, most methadone-associated deaths have occurred during the induction phase (Baxter et al., 2013) .
The need to reach adequate doses in a timely manner to engage and retain people in treatment while preventing fatal overdoses, makes induction of OAT a particularly critical phase. To our knowledge, there are no studies that present and discuss the induction phase of injectable diacetylmorphine and hydromorphone treatment within an iOAT setting. The present study aims to describe the induction protocol used in 3 Canadian studies and examine the rates of opioid-related overdose and somnolence events during the induction phase.
METHODS

Setting and Participants
The present analysis involves data from 3 studies: (1) the North American Opiate Medication Initiative (NAOMI);
(2) the Study to Assess Longer Term Opioid Medication Effectiveness (SALOME); and (3) Research on the Utilization of Therapeutic Hydromorphone (RUTH). NAOMI was an RCT comparing injectable DAM with oral methadone (2005) (2006) (2007) (2008) ; SALOME was an RCT testing the non-inferiority of injectable HDM compared to injectable DAM (2011) (2012) (2013) (2014) ; and RUTH was an open-label observational cohort study of individuals who received injectable HDM or DAM (2014) (2015) (2016) (2017) (2018) after the trials ended. The 3 studies in this analysis were conducted at the Providence Health Care Crosstown Clinic in the Downtown Eastside of Vancouver. NAOMI also involved a site in Montreal at the Centre Hospitalier de l'Université de Montréal and at the Centre de Recherche et d'Aide aux Narcomanes (CRAN).
Participants with long-term injection of street opioids that were not benefitting sufficiently from available treatments (including oral methadone and buprenorphine), and with an OUD diagnosis, were included in the studies. Full description of recruitment, inclusion criteria, and participant profiles for the NAOMI and SALOME trials can be found elsewhere (Oviedo-Joekes et al., 2008; Oviedo-Joekes et al., 2009; Oviedo-Joekes et al., 2015a , 2015b Oviedo-Joekes et al., 2016a) . In this analysis, RUTH participants are mostly former SALOME participants that transitioned to open-label iOAT after the trial (n ¼ 150). New patients admitted (N ¼ 27 entered this analysis) also had long-term injection opioid use and confirmed opioid use disorder.
All participants provided written informed consent before data collection, and in the case of the NAOMI and SALOME clinical trials, before the administration of any medication. The Providence Health Care/University of British Columbia Research Ethics Board approved all studies. The NAOMI study was additionally approved by the institutional review board at the Centre Hospitalier de l' Université de Montréal.
Treatment
Injectable medications were self-administered daily under the supervision of registered nurses (RNs). Participants underwent pre-and post-injection assessment periods, lasting 5 to 15, and 15 to 30 minutes, respectively; they could be in the injection room for up to 7 minutes. During these periods, RNs monitored participants to ensure their safety both before (eg, no signs of intoxication from opioids, alcohol or benzodiazepines), during, and after self-administration of the medications (eg, no signs of drowsiness, respiratory depression). More details on the delivery of treatment can be found elsewhere (Oviedo-Joekes et al., 2009; Oviedo-Joekes et al., 2016a , 2016c , Oviedo-Joekes et al., 2017 .
During the trials, diacetylmorphine and hydromorphone were prescribed in ''diacetylmorphine equivalent'' doses to maintain the double-blind. In NAOMI, we used a DAM:HDM ratio of 3:1, and adjusted this to 2:1 in SALOME based on our findings (Oviedo-Joekes et al., 2011) . In the RUTH study, medications were prescribed open-label. In the 3 studies, doses were individualized and adjusted to each patient's needs until a safe and effective dose was reached.
Induction Protocol
The induction protocol used in the Canadian studies was adapted from the diacetylmorphine programs pioneered in Switzerland in the early 1990s where doses were safely increased under observation, avoiding over and under dosing (Seidenberg and Honegger, 1998; Office Fédéral de la Santé Publique, 2004) . Initial induction doses were determined over a 3-day period by the attending physician (Table 1) . During the induction phase, nurses assessed and recorded patients' dose tolerance and adjusted accordingly with active input from the patient and the physician. Each day, patients attended 3 sessions spaced at least 3 hours apart. Doses were split within each session, so the patients' response to the medication (ie, tolerance) could be observed for between 15 and 30 minutes before administering the full dose.
At any time during induction, a physician or nurse could order a lower dose or more gradual induction based on the patient's response and safety concerns. In order to adjust to individual needs, the patient could also request a lower dose or a more gradual induction process. Also, during the induction phase, the nursing staff checked for persistent withdrawal symptoms to determine whether a higher dose was required.
If a patient did not tolerate a dose, their next dose was reduced to their last tolerated dose. From there, doses were increased as tolerated following the protocol and adjusted using clinical judgement (eg, considering concurrent conditions, daily events, etc) and conversation with the patient to ensure the patient reached a safe and effective dose.
In cases where a patient missed a dose or a day of medication in the induction phase, the procedure was restarted from the last dose received and tolerated at the clinic. If more than one day was missed the induction procedure was restarted from the beginning and adjusted per physician order and using clinical judgment (more details on managing missing days or doses during the induction phase can be found in the Appendix, Supplemental Digital Content 1, http://links.lww.com/JAM/A132). For patients already on oral OAT, or for those switching between injectable medications (eg, from DAM to HDM), conversion tables (Office Fédéral de la Santé Publique, 2004; Oviedo-Joekes et al., 2011) and clinical judgment as per current medical consensus (Baxter et al., 2013) were used to prevent complications and engage patients in treatment.
Accelerated Induction Protocol
On October 30, 2017, the Crosstown Clinic adopted an accelerated induction protocol in response to patients' higher opioid tolerance given exposure to more potent street opioids like fentanyl. The accelerated 3-day hydromorphone DAM, diacetylmorphine; HDM, hydromorphone. Induction doses are presented for HDM and for DAM in brackets.
induction protocol increased doses such that the maximum individual dose reached on the third day of induction was 130 mg compared to 90 mg in the standard protocol. The first dose was also higher, 20 mg compared to 10 (or 7.5 mg) as patients with fentanyl exposure were reporting the lower dose was not adequate to relieve withdrawal symptoms (see Appendix, Supplemental Digital Content 1, http://links. lww.com/JAM/A132).
Collection of Related Somnolence and Overdose
In both RCTs, patients were assessed for adverse events (AEs) and severe adverse events (SAEs), such as drug reactions or change in health status by nurses, coordinators, physicians, and other clinic workers. AEs and SAEs were classified by a clinical or research staff (eg, nurse, physician; SAEs were reviewed by clinical team and medical monitor or physician lead) as unrelated to the treatment or either possibly, probably, or definitely related. Details on AEs and SAEs during the trials have been published elsewhere (Oviedo-Joekes et al., 2009; Oviedo-Joekes et al., 2016a; Oviedo-Joekes et al., 2017) . In this analysis, using the Medical Dictionary for Regulatory Activities (MedDRA) coding system, we report Preferred Terms ''somnolence'' (classifies for example drowsiness, sleepiness, groggy) as AEs and Lower Level Term ''opioid overdose'' as AEs or coded as SAEs when requiring the intervention of naloxone. In the RUTH cohort study, only related SAE overdoses were reported, while data on AEs were not systematically collected. Somnolence and overdoses with any relationship with the study medication are presented in this study. We also report related immediate post injection reactions (allergic reactions) and related injection site pruritus (severe itching at site of injection) using SALOME data, as these are common AEs related to the medications (Oviedo-Joekes et al., 2017).
Analysis
Descriptive statistics were used to present the frequency of related somnolence (AE) and related overdose requiring the use of naloxone (SAE) for injectable HDM and injectable DAM during induction and later in the treatment process. Rates of related immediate post injection reactions (AE) and related injection site pruritus (AE) are also presented with descriptive statistics. The rates of events are presented both per 100 injections and per 100 injection days. Due to differences in rates of AEs, data for HDM and DAM are presented separately for the analysis of related events.
We conducted 2 secondary analyses of the SALOME trial data. First, to investigate the adequacy of induction, we compared the average dose received on the first day after induction was completed and during the first week of treatment with the average doses received during the subsequent 6 months of treatment. For the latter, we excluded the first 30 days of treatment to remove the effects of induction and any early dose adjustments.
Second, in the SALOME trial, urine specimens at 3 and 6 months were analyzed for the detection of opioid alkaloid impurities present with illicit heroin use but not pharmaceutical heroin (Paterson et al., 2005; Oviedo-Joekes et al., 2016b) . Dose differences between patients with positive and negative urines for such impurities were tested using a logistic regression model among participants receiving injectable treatment on at least 5 out of the 7 days prior to the specimen to determine whether prescribed dose had an impact on the likelihood of using illicit heroin at 3 and 6 months. The model was estimated by generalized estimating equation (GEE) algorithm to account for dependence of observations (3 months and 6 months) from the same patients. The model was adjusted by randomized treatment (ie, DAM/ HDM). Urine samples were collected by the research team independent from the clinical care team who did not have access to the urine results.
RESULTS
Data from the 3 studies are presented in Table 2 . In the NAOMI and SALOME trials, a total of 216 participants provided induction data encompassing 1759 induction injections and 694 induction days involving injectable DAM. There were 34 related somnolence and AE overdose events yielding a rate of 4.899 per 100 days receiving injectable DAM in the induction phase. For 213 participants, the rate of somnolence and AE overdose events was 1.066 per 100 days of injection during the treatment period following induction. For hydromorphone, 124 participants had 1,065 induction injections and 409 induction injection days with 6 related somnolence or AE overdose events. The rate of related somnolence or AE overdose events on hydromorphone was 1.467 per 100 injection days during induction and 0.205 per 100 injection days during the treatment period following induction.
Combined data from the 3 studies provides a total of 1776 induction injections and 700 induction injection days for DAM, and 1217 induction injections and 475 induction injection days for HDM. There were 4 opioid overdoses that required naloxone during DAM induction (0.571 per 100 injection days) and 58 (in 27 participants) after induction (0.040 per 100 injection days). With HDM, there was 1 related opioid overdose that required naloxone during induction (0.211 per 100 injection days) and 10 (in 7 participants) after induction (0.014 per 100 injection days). There were no related opioid overdoses in the RUTH study with either the regular or accelerated induction protocol over the 72 induction days in RUTH (16 accelerated). The 72 induction days occurred among 28 participants. This included 6 days of regular induction in 2 participants with diacetylmorphine (no accelerated inductions with DAM), 16 days of accelerated induction in 7 participants on hydromorphone and 50 days of regular induction in 19 participants on HDM.
Immediate post injection reactions and injection site pruritus related to the treatment are presented using data from the SALOME trial (Table 3 ). There were 7 events during DAM induction (2.115 per 100 injection days) and 70 (in 26 participants) after induction (0.427 per 100 injection days). During induction with HDM, there were 5 events (1.529 per 100 injection days) and 108 (in 16 participants) after induction (0.664 per 100 injection days).
In the SALOME study, on the fourth day of treatment (after the 3-day induction protocol) the average daily doses received were 382.84 mg (SD ¼ 153.18; n ¼ 93) and 191.76 mg (SD ¼ 80.12; n ¼ 95) of DAM and HDM, respectively. By the end of the first week, the maximum daily dose patients had received were on average 433.62 mg (SD ¼ 137.92) and 223.26 mg (SD ¼ 68.06), respectively. For purposes of comparison, Figure 1A and B show the average total daily dose received as well as the range of the average doses received, over the 6-month study period excluding the first 30 days of treatment. As seen there, the average total daily dose received for DAM and HDM were 506.41 mg (SD ¼ 205.49) and 261.18 mg (SD ¼ 104.02). Figure 2 shows the average dose (in DAM equivalents) received in the prior week by urine test result among those retained at least 5 out of the 7 days in the prior week at 3 and at 6 months in the SALOME study. Differences in the dose received between those with positive (520.9 mg; SD ¼ 230.5) and negative (534.1 mg; SD ¼ 220.8) urine tests for street heroin markers were not significant (P ¼ 0.379).
DISCUSSION
The present study is the first to investigate the safety of an induction protocol for injectable diacetylmorphine and hydromorphone in the context of iOAT for opioid use disorder. With data from 3 Canadian studies, encompassing a total of 2993 induction injections, there were only 5 related opioid overdoses that required naloxone (4 with DAM, 1 with HDM). As expected, the rate per injection day was higher for AEs and SAEs during induction compared to after induction. However, all overdose events were safely treated onsite and there were no deaths or other lasting sequelae of these events. These data confirm the overall safety of iOAT during both induction and later treatment.
During the induction phase, consistent daily and documented assessment of the patient's response is the only reliable guide to determining a patient's subsequent dose (Baxter et al., 2013) . Such monitoring at the time of peak effect (within 20 minutes for DAM and HDM) is necessary to MedDra Codes: Preferred Terms Somnolence (only AE); Lower Level Term Opioid Overdose can be AE or coded as SAE when requiring the intervention of naloxone. Related refers to any adverse drug reaction classified as possibly, probably or definitely related to the study medication. NAOMI and SALOME were randomized clinical trials, where DAM and HDM were provided double-blind. RUTH is an observational cohort study, where DAM and HDM are provided open label. Ã Lower number of patients after induction in the NAOMI and SALOME trials represent patients that completed induction but did not receive treatment afterwards (NAOMI N ¼ 3, SALOME N ¼ 2). In the RUTH cohort study N for ''after Induction'' is higher than the N for ''Induction'' reflecting continuation of treatment from SALOME among patients that remained at the clinic through both studies with no treatment interruptions. A total of 150 patients from SALOME transitioned to open label iOAT (with either DAM or HDM with the possibility to switch from one medication to the other). Among the RUTH participants, 27 were not participants of SALOME. Some participants in RUTH contribute to both DAM and HDM since they could have switched between iOAT medications.
yIn the RUTH cohort study, only related SAE overdoses were reported. Data on AEs were not systematically collected. iOAT, (injectable opioid agonist treatment); N, number; Pt., patient; SALOME, Study to Assess Longer Term Opioid Medication Effectiveness. Related refers to any adverse drug reaction classified as possibly, probably or definitely related to the study medication. SALOME was a randomized non-inferiority clinical trial, where diacetylmorphine and hydromorphone were provided double-blind.
determine whether the patient continues to experience withdrawal symptoms or experiences any signs of intoxication.
Patients may attribute new symptoms or discomforts to their dose, and as such, nurses and physicians must be prepared to reassess the patient (Baxter et al., 2013) . In such cases, meeting with the patient, along with input from nursing staff, is helpful to determine appropriate modifications that the patient will accept. It has been established that a key goal of the induction phase is to safely reach the highest tolerated dose in a timely manner in order to retain the patient in treatment and diminish street opioid use as rapidly as possible (Leavitt et al., 2000; Maremmani et al., 2003; Donny et al., 2005; Trafton et al., 2006) . As seen in the secondary analyses of SALOME data, patients in the first week could reach over 85% the average daily dose received during their last five months of the study. This indicates that patients reached an adequate dose during induction that was further adjusted to meet their individual needs during treatment. Further analysis of SALOME urinalysis data demonstrated no relationship between iOAT dose It should be acknowledged that the 3 studies that provided data for the present analysis were not designed to uncover a pre-specified research question regarding the induction phase. Nevertheless, we are presenting unique data collected during 2 clinical trials and one cohort study that provide evidence of a very low rate of opioid-related overdoses during thousands of induction injections. Also, data can only be descriptive, since comparisons (eg, between study periods) cannot account for unknown confounders. Nevertheless, these data provide a starting point to discussing induction in a clinical setting with iOAT, which has never been published before.
CONCLUSIONS
In conclusion, the present study offers the first opportunity to explore and discuss an induction protocol with injectable diacetylmorphine and hydromorphone in the context of iOAT for opioid use disorder. This study suggests that a 3-day protocol allowed patients to safely reach high doses in a timely manner. Moreover, the few overdoses that occurred in the context of thousands of injections were safely treated onsite. Reaching and treating patients that have been injecting opioids for a long period of time requires approaches that ensure patient engagement by adjusting to their needs. As noted earlier, despite strong and compelling evidence, iOAT remains inaccessible outside of a few select settings in Canada and Europe. The findings of this study suggest that safety is not an evidence-based barrier to the implementation of treatment with injectable hydromorphone and diacetylmorphine. Average dose received in the prior week by urine test result among those retained 5 out of 7 days in the prior week in SALOME. Median: line inside box; mean: symbol marker. Logistic regression model estimated by GEE algorithm to account for dependence of observations (3 months and 6 months) from the same patients was fitted to assess the relationship between urine result and average dose received in the prior 7 days (adjusted by randomization treatment, ie, DAM and HDM). Relationship between dose and positive urine test was not significant (P ¼ 0.379). Total events 459 ¼ 110 positive (520.9 mg.; SD ¼ 230.5) and 349 negative (534.1 mg.; SD ¼ 220.8) urine test for street heroin markers. Urine samples were collected by an independent team; results were not accessed by the clinical care team. Average dose received in diacetylmorphine equivalents (200 mg of diacetylmorphine ¼ 100 mg of hydromorphone). A total of 176 (87%) in and 174 (86%) participants were retained 5 out of 7 days at the week of the 3 and 6 months of the outcomes evaluations measures (out of the total sample of 202 in the SALOME trial). Among those retained, total percentage of positive urine analysis ¼ 23% (29% in DAM and 16% in HDM). DAM, diacetylmorphine; HDM, hydromorphone.
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